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Structural changes in the FA hydrocarbon radicals did not occur during formation of their ethanolamides according to results of spectral analysis (lack of bands near 900 cm -1 in the IR spectra of the aminolysis products indicating a trans-double bond and the lack of conjugated systems of double bonds according to UV spectrophotometry). This enabled the proposed method to be used for preparation of ethanolamides of other FA with retention of the hydrocarbon-radical native structures. This could be done both separately and in mixtures using natural sources of FA such as saira fat and flax-seed oil.
Flax-seed oil typically has five FA in its triacylglycerides. This enables this oil to be used as a standard for identification of complicated FA mixtures, for example, from fish fat. The chromatogram in Fig. 1a shows only five components in the analyzed mixture of flax-seed-oil FA ethanolamides. Therefore, the hydrocarbon radicals did not isomerize during aminolysis. In addition to the ethanolamides of flax-seed-oil FA, ethanolamides of octadecatrienoic, eicosapentaenoic, and docosahexaenoic acids were also used as standards for identification of FA ethanolamides of saira fat. We determined the conditions for HPLC analysis of complicated mixtures of FA ethanolamides (Fig. 1a and b) . Mass-selective detection enabled reliable identification of each component with an even m/z value of the quasimolecular ion of composition [M + H] + (Table 1) .
Assignment of structures of the hydrocarbon radicals in the saira-fat FA ethanolamides to the structures of the starting FA, the composition of which was established by GC, showed that the data obtained by the different methods were in complete agreement.
Thus, the proposed method enables the synthesis of FA ethanolamides from any natural source of FA with retention of the native hydrocarbon radical.
EXPERIMENTAL
UV spectra were recorded on a Hitachi 330 (Hitachi, Japan) UV spectrophotometer in CH 3 OH; mass spectra of trimethylsilyl derivatives of FA ethanolamides, in a Finnigan MAT 4615B (Finnigan, USA) instrument using electron-impact ionization (electron energy 70 eV, direct sample introduction, positive-ion detection); IR spectra, on a Spectrum 1000 FT-IR Fourier-transform IR spectrometer (Perkin-Elmer, USA) in KBr disks.
HPLC-MS was performed on an Agilent 1100 Series LC/MSD chromatograph-mass spectrometer (Hewlett-Packard, USA) equipped with a mass-spectrometric detector (atmospheric pressure chemical ionization, APCI) and a diode matrix detector. Separation occurred over a Hypersil ODS column (4.0 × 250 mm, 5.0 µm) at 55°C with a linear elution gradient from 55% aqueous acetonitrile to 100% acetonitrile at a rate of 2.25% per minute. The elution rate was 1 mL/min. The range of detected masses was 150-1000 Da (positive-ion detection). The potential in the fragmenter was 70 V; in the ionization chamber, 4 kV. The carrier gas (N 2 ) flow rate was 6 L/min. The spray-gas (N 2 ) pressure was 50 kgs/cm 2 . TLC was performed on plates with a fixed layer of silica gel (Silufol UV-254, Kavalier, Czech Rep.). Elution used the solvent system hexane:acetone (1:1 by vol). Compounds on the chromatograms were developed by spraying plates with phosphomolybdic acid solution (10%) in ethanol with subsequent heating to 90°C. Mass fractions of components in the reaction mixtures were determined by GLC on a Iatroscan TH-10 chromatograph (Yanaco, Japan) equipped with a flame-ionization detector using Chromarod-SIII (Yanaco, Japan). Elution used the solvent system hexane:acetone:acetic acid (50:50:0.2 by vol). GC of FA ethyl esters was carried out in a GC-14B chromatograph (Shimadzu, Japan) equipped with a capillary column (30 m × 0.35 mm, 0.25 µm) with Supelcowax 10M stationary phase (Supelco, USA) and a flame-ionization detector under the conditions: column, injector, and detector temperatures 190, 220, and 220°C, respectively; He carrier gas (pure) flow rate 40 mL/min, flow separator 1/60. FA ethyl esters were identified using Kovac retention times [12] . All reagents and solvents used in the work were chemically pure grade.
Lipid Extraction. Lipids were extracted from flax seed and saira carcasses according to the literature method [13] . Preparation of FA Ethyl Esters. KOH (0.3 g) was dissolved in aqueous ethanol (10 mL, 167 mmol, 96%) at 80°C. The resulting solution was treated with saira fat (8 g) or flax-seed oil. The mixture was refluxed for 1 h, cooled to 55°C, treated with H 2 SO 4 in ethanol (50%) until the pH was 3, and washed with water (30 mL each) at 55°C. The organic fraction was separated and evaporated in vacuum at 40°C to dryness. Yield 8.3 g (8 g from flax-seed oil) of FA ethyl esters as a light yellowish-orange oil. R f 0.98. Degree of conversion at least 95%. The purity of the FA ethyl esters was monitored by TLC.
Preparation of Highly Purified Ethyl Esters of α-Linolenic, Eicosapentaenoic, and Docosahexaenoic Acids. Mixtures of FA ethyl esters were separated by preparative HPLC in a LC-6A chromatograph (Shiamdzu, Japan) using a Zorbax ODS column (9.4 × 250 mm, 5 µm, DuPont, USA) and a RID-6A detector (Shimadzu, Japan) at column temperature 25°C with CH 3 OH:H 2 O eluent (90:10) and elution flow rate 6 mL/min. Yield 100 mg of ethyl esters of α-linolenic, eicosapentaenoic, and docosahexaenoic acids of purities 98, 96.5, and 96%, respectively, as determined by GC.
Synthesis of FA Ethanolamides. A mixture of FA ethyl esters (6.56 g) was treated with freshly distilled monoethanolamine (over KOH, 6.53 g, 1:5 mole ratio) and trifluoroacetic acid (10 µL). The mixture was sealed in an ampul, vigorously shaken, held for 2 h at 140°C, cooled to 25°C, and removed from the ampul. The contents were treated with CHCl 3 (10 mL) and aqueous HCl (10%) until the pH was 3. The resulting mixture was vigorously shaken. The CHCl 3 layer was separated after layering. The extraction was repeated twice. The CHCl 3 fractions were combined, dried over anhydrous Na 2 SO 4 , and evaporated in vacuum at 40°C to constant mass. Yield 6.67 g (6.54 g for FA ethyl esters from flax-seed oil) as an opaque yellowish-orange oil containing 4.86 g (4.78 g for FA ethyl esters from flax-seed oil) of FA ethanolamides. The degree of conversion was about 70%. The purity of the FA ethanolamides was monitored by TLC. The FA ethanolamides were purified over a Chemapol L silica-gel column (Kavalier, Czech Rep., 40-100 µm) using a stepped gradient of acetone in hexane (0→10%) calculated as 2 g of starting ethanolamides per 60 g silica gel. Yield 900 mg of purified FA ethanolamides (R f 0.47)
